Abstract. We evaluated long-term use of mobile phones and the risk for brain tumours in case-control studies published so far on this issue. We identified ten studies on glioma and meta-analysis yielded OR = 0.9, 95% CI = 0.8-1.1. Latency period of ≥10-years gave OR = 1.2, 95% CI = 0.8-1.9 based on six studies, for ipsilateral use (same side as tumour) OR = 2.0, 95% CI = 1.2-3.4 (four studies), but contralateral use did not increase the risk significantly, OR = 1.1, 95% CI = 0.6-2.0. Meta-analysis of nine studies on acoustic neuroma gave OR = 0.9, 95% CI = 0.7-1.1 increasing to OR = 1.3, 95% CI = 0.6-2.8 using ≥10-years latency period (four studies). Ipsilateral use gave OR = 2.4, 95% CI = 1.1-5.3 and contralateral OR = 1.2, 95% CI = 0.7-2.2 in the ≥10-years latency period group (three studies). Seven studies gave results for meningioma yielding overall OR = 0.8, 95% CI = 0.7-0.99. Using ≥10-years latency period OR = 1.3, 95% CI = 0.9-1.8 was calculated (four studies) increasing to OR = 1.7, 95% CI = 0.99-3.1 for ipsilateral use and OR = 1.0, 95% CI = 0.3-3.1 for contralateral use (two studies). We conclude that this meta-analysis gave a consistent pattern of an association between mobile phone use and ipsilateral glioma and acoustic neuroma using ≥10-years latency period.
Introduction
Worldwide there has been a rapid development of wireless technology and along with that an increasing uses of wireless telephone communication during the last decade. Everyone is exposed to radiofrequency/microwave (RF) radiation emissions from wireless devices such as cellular phones and cordless phones, cellular antennas and towers, broadcast transmission towers, voice and data transmission for cell phones, pagers and personal digital assistants (PDAs) and other sources of RF radiation. This has raised concern of health risks, primarily an increased risk for brain tumours since the brain is the target organ for microwave exposure during mobile phone calls.
Since Sweden was one of the first countries in the world to adopt this wireless technology a brief history is given in the following. First, analogue phones (NMT; Nordic Mobile Telephone System) were introduced on the market in the early 1980's using both 450 and 900 Megahertz (MHz) fields. NMT 450 was used in Sweden since 1981 but closed down in December 31, 2007 , whereas NMT 900 operated during 1986-2000.
The digital system (GSM; Global System for Mobile Communication) using dual band, 900 and 1,800 MHz, started to operate in 1991 and now dominates the market. The third generation of mobile phones, 3G or UMTS (Universal Mobile Telecommunication System), using 1,900 MHz RF fields has been introduced worldwide since a few years, in Sweden in 2003.
Desktop cordless phones (DECT) started in 1988 using first analogue 800-900 MHz RF fields, but since early 1990's the digital 1,900 MHz system. In our studies on tumour risk associated with use of wireless phones we have also assessed use of DECT. However, most other research groups have not published such data or only in a scanty way, so exposure to RF from DECT is not further discussed here. Instead the reader is referred to our publications with the results as published previously (1) (2) (3) .
The initial studies on brain tumour risk had too short latency periods to give a meaningful interpretation of long-term risk. However, during recent years studies have been published that enable evaluation of ≥10-years latency period risk, although still mostly based on low numbers (4, 5) . A ≥10-years latency period seems to be a reasonable minimum period to indicate long-term carcinogenic risks from exposure to RF fields during use of cellular or cordless phones.
Long-term exposure to RF fields from mobile phones and brain tumour risk is of importance to evaluate not the least since the use of cellular phones is globally widespread with high prevalence among almost all age groups in the population.
Materials and methods
In addition to our constant gathering of new studies in this area we used the Pub Med database (www.ncbi.nlm.nih.gov) for search of all relevant studies. We used mobile/cellular/ cordless telephone and brain tumour/neoplasm/acoustic neuroma/meningioma/glioma as searching terms. If a study had several publications on certain aspects we used the latest publication giving the most relevant data.
Brain tumours include both malignant and benign types. Thus, it is worthwhile to give results for different types and in the following we discuss glioma, acoustic neuroma and meningioma, the major tumour types, separately. Compared with our previous publications (4,5) we have now up-dated the number of included studies and made some further analysis. For details about the studies the reader is referred to our previous reviews and the original studies. We give overall results as well as ≥10-years latency period results and, if presented, ipsilateral use of the cellular phones, i.e. same side of tumour and microwave exposure, and contralateral (opposite side) use. If the study did not have users with a ≥10-year latency period only the overall results are presented.
Statistical methods. For statistical analysis Stata 8.2 was used (Stata/SE 8.2 for Windows; StataCorp., College Station TX). Random effects model was used for all meta-analysis, to allow for between-study statistical heterogeneity. The analyses were based on the adjusted ORs in the different studies. In our studies (1,2) the unexposed group consisted of cases and controls with no reported use of either mobile or cordless phones. On the contrary almost all other studies did not assess use of cordless phones, and cases and controls with such use were included in the 'unexposed' group when mobile phone use was analyzed.
Results
We identified two publications from a cohort study of mobile phone users (6,7) and 19 case-control studies on this topic (1, 2, (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) ; note refs. 8 and 9 are the same study). Two publications (18,23) overlapped partly already published studies, but were included since also new results were presented in these publications. No mortality studies were included.
The Danish cohort study with two publications (6,7) had several limitations, such as exclusion of the heaviest mobile phone users, no truly unexposed comparison group, skewed sex distribution and no data were given on laterality of phone use in relation to tumour localisation in the brain. This study was uninformative regarding long-term health effects from mobile phone use, as has been discussed elsewhere (4) . Furthermore, this was a cohort study that gave standardised incidence rates and not odds ratios (OR) and 95% confidence intervals (CI) as in the case-control studies. For these reasons this cohort study was excluded from this review.
Two case-control studies were excluded since results were not presented separately for glioma, acoustic neuroma and meningioma (8) (9) (10) . Our first study on this topic was the first one to indicate an association between use of mobile phones and ipsilateral brain tumours, although based on low numbers (8, 9) . In one case-control study on acoustic neuroma overall results were not presented, only for some time periods without data for ≥10-years latency period, and it was thus excluded from this review (11) . The following presentation was based on results from 16 case-control studies. Glioma. Ten case-control studies gave results for glioma risk associated with the use of mobile phones (1, (12) (13) (14) (15) (16) (17) (18) (19) (20) . Seven of these studies (14) (15) (16) (17) (18) (19) (20) were part of the Interphone study on this issue, and one of these (18) overlapped partly three of other Interphone studies (14-16) but included also results for Finland (Table I) . Later also results form Norway have been published separately (20) . It should be noted that in one study the group of glioma cases was heterogenic including also ependymoma, i.e., a benign tumour, but probably few subjects Table I . Odds ratios (ORs) and 95% confidence intervals (CIs) from 10 case-control studies on glioma including meta-analysis of the studies. 
a Numbers of exposed cases and controls are given.
b Total number could not be calculated since numbers were not presented in one publication (13) .
The risk was significantly decreased in the Danish part (15) for high-grade glioma with OR = 0.6, 95% CI = 0.4-0.9, for all glioma in the study in Norway (20) with OR = 0.6, 95% CI = 0.4-0.9, and the Finnish publication (18) with OR = 0.8, 95% CI = 0.7-0.9. In the Swedish part of Interphone studies decreased OR of borderline significance was presented (14) . In a register based case-control study from Finland (13), that was not part of the Interphone study, an increased OR = 1.5 of borderline significance was reported (95% CI = 1.0-2.4). In our Swedish study (1) , independent from Interphone, OR = 1.4, 95% CI = 1.1-1.7 was reported for all glioma. Metaanalysis of the 10 case-control studies yielded OR = 0.9, 95% CI = 0.8-1.1.
In Table II results are presented for the six studies (1,14-18) that gave results for a latency period of at least 10 years. Most of the results in the various studies were based on low numbers. Meta-analysis gave OR = 1.2, 95% CI = 0.8-1.9. In four casecontrol studies results for ipsilateral use of a mobile phone were presented (1, 14, 16, 18) . All showed increased OR and meta-analysis yielded OR = 2.0, 95% CI = 1.2-3.4. However, contralateral use did not increase the risk significantly, OR = 1.1, 95% CI = 0.6-2.0.
Acoustic neuroma.
Regarding acoustic neuroma nine casecontrol studies have been published, Table III (2, 12, (19) (20) (21) (22) (23) (24) (25) . Seven of these were part of the Interphone studies (19) (20) (21) (22) (23) (24) (25) . One of these (23) overlapped partly two other Interphone studies (21, 22) and one published later (20) . One of the largest studies came from Sweden and was not part of the Interphone studies (2). It gave significantly increased OR = 1.7, 95% CI = 1.2-2.3. Six of the seven Interphone studies reported somewhat decreased ORs, although not significantly so. Meta-analysis gave OR = 0.9, 95% CI = 0.7-1.1.
Results for a latency period of 10 years or more were reported in four (2,21-23) of these nine studies (Table IV) . Again, using this latency period most of the results were based on low numbers. In total, meta-analysis gave OR = 1.3, 95% CI = 0.6-2.8, whereas for ipsilateral use of the mobile phone OR increased to 2.4, 95% CI = 1.1-5.3, based on three studies. Contralateral use yielded OR = 1.2, 95% CI = 0.7-2.2.
Meningioma. For meningioma results have been published from seven case-control studies, Table V (2,12 ,14,15,17,19,20) . Of these, five (14, 15, 17, 19, 20) were part of the Interphone study and all gave decreased OR for meningioma, significantly Table II . Odds ratios (ORs) and 95% confidence intervals (CIs) from 6 case-control studies on glioma including meta-analysis of the studies using ≥10 years latency period. 
b Total number could not be calculated since numbers were not presented in one publication (16) .
so in the Swedish part with OR = 0.7, 95% CI = 0.5-0.9 (14) . The largest study was a Swedish investigation independent from Interphone based on 347 exposed cases. It gave OR = 1.1, 95% CI = 0.9-1.3. Meta-analysis gave significantly decreased risk with OR = 0.8, 95% CI = 0.7-0.99.
Four case-control studies remained for the analysis of a 10-years latency period, Table VI (2, 14, 15, 17) . In total no study showed significantly increased OR and meta-analysis gave OR = 1.3, 95% CI = 0.9-1.8. The analysis of ipsilateral microwave exposure was based on two studies and the metaanalysis gave OR = 1.7, 95% CI = 0.99-3.1. Regarding contralateral exposure no increased risk was found, OR = 1.0, 95% CI = 0.3-3.1.
Discussion
Different biological effects have been reported from exposure to radiofrequency/microwave fields, for an overview see two recent reports (5, 26) . Of special concern is the risk for brain tumours due to the high near field exposure to the brain during mobile phone calls compared with other sources of RF fields. In total 19 case-control studies have been performed HARDELL et al: MOBILE PHONE USE AND THE ASSOCIATION WITH BRAIN TUMOURS 4   Table III . Odds ratios (ORs) and 95% confidence intervals (CIs) from 9 case-control studies on acoustic neuroma including meta-analysis of the studies. 
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a Numbers of exposed cases and controls are given. Table IV . Odds ratios (ORs) and 95% confidence intervals (CIs) from 4 case-control studies on acoustic neuroma including meta-analysis of the studies using ≥10 years latency period. 
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on that topic, but since few subjects have used the mobile phone for at least 10 years conclusions on long-term effects have been hampered. By now a number of studies exist with such data, so presentation of the results in the various studies is meaningful as well as meta-analysis of the data.
As to carcinogenesis usually latency period of at least 10 years is needed for more firm conclusions. For several carcinogens such as smoking and asbestos exposure and the risk for lung cancer, dioxins and certain cancer types even longer latency periods may be required (27, 28) . Thus, it is premature to draw conclusions on the association between mobile phones and brain tumours based on short latency period, as has been the situation in some commentaries (29) .
This review included 19 case-control studies. Two publications from a Danish cohort study on mobile phone users (6,7) were excluded due to limitations in the study design, as discussed above. Our first study on this topic was excluded, since analysis was not performed for different histology types (8, 9) . This was one of the first studies in this area and the first to indicate an association between mobile phone use and ipsilateral brain tumours. Two studies from USA were excluded for the same reason as our first one or because overall data were not presented (10, 11) . However, in that study mobile phone use during 3-6 years, that was the longest observation time, gave OR = 1.7, 95% CI = 0.5-5.1 based on 11 cases and 6 controls (11).
It should be noted that several of the overall ORs in the Interphone studies were <1.0, some even significantly so. As an example, in the Danish Interphone study on glioma (15) all 17 ORs for high-grade glioma were <1.0, four significantly decreased. In the Swedish Interphone study on glioma 46 ORs were presented with overall results (14) . Of these ORs 45 were <1.0, six even signficantly so. On the contrary, regarding glioma using a latency period of ≥10 years increased ORs for ipsilateral exposure were found in all Interphone studies that present such data, see Table II . The overall decreased risks would thus bias the 10-years latency period calculations towards unity. These results in the Interphone INTERNATIONAL JOURNAL OF ONCOLOGY 00: 0-00, 0000 5   Table V . Odds ratios (ORs) and 95% confidence intervals (CIs) from 7 case-control studies on meningioma including metaanalysis of the studies. ----------------------------------------------------------------------------------------------------- a Numbers of exposed cases and controls are given. Table VI . Odds ratios (ORs) and 95% confidence intervals (CIs) from 4 case-control studies on meningioma including metaanalysis of the studies using ≥10 years latency period. 
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studies give concern about the methods used, such as assessment and interpretation of exposure and statistical analysis.
For biological reasons it is not believed that microwave exposure from mobile phones do prevent brain tumours, as indicated in some results in the Interphone studies. Thus, the design and performance of these studies, using the same core protocol, seem to be biased in certain respects. This has been discussed by others and us elsewhere (4, 5, 30, 31) . In a Danish Interphone study it was concluded that the cognitive function in brain tumour cases was affected leading to e.g. deficient memory (15) . Patients scored significantly lower than controls with problems to recall words (aphasia), writing and drawing due to paralysis.
Also the interviewing of cases in such short time after diagnosis in the Interphone studies, even bedside (e.g. 17) , might have biased assessment of exposure due to a stressful situation for the patient with memory and other defects of the cognitive functions. It should further be noted that some of the Interphone studies had very low response rates with the possibility of selection bias. In the publication on mobile phone use and risk of glioma in five North European countries 37-81% (total 60%) of the cases and 42-69% (total 50%) of the controls participated (18) . This is to be compared with the response rates in our studies (1, 2) . Of cases with malignant brain tumours 905 (90%) answered the questionnaire. The corresponding results were for cases with benign brain tumours 1,254 (88%) and controls 2,162 (89%).
In addition to selcetion bias of cases and controls in the Interphone studies, recall bias due to e.g. cognitive defects in the patients might have been introduced. Computer guided face-to-face interviews of cases at the hospitals shortly after operation may have been a contributing factor. We used postal questionnaires both for cases and controls. The cases could answer the questionnaire some time after the operation, usually about two months later. If necessary, the answers were supplemented over the phone. All assessment of exposure and coding of data in our studies were blinded as to case or control status. On the contrary, face-to-face interviews of both cases and controls in the Interphone studies might have introduced observational bias since it was known if it was a patient or a referent that was interviewed.
Some articles have discussed methodological issues in the Interphone studies (30, 31) . The actual use of mobile phones was underestimated in light users and overestimated in heavy users. Random recall bias could lead to large underestimation in the risk of brain tumours associated with mobile phone use. It was further suggested that selection bias in the Interphone study resulted in under selection of unexposed controls with decreasing risk at low to moderate exposure levels.
Furthermore, it should be added that in our studies we also assessed use of cordless phones (1, 2) . The unexposed group consisted of cases and controls with no use of mobile or cordless phones. In contrast, e.g. the Interphone studies did not assess use of cordless phones or did not report any details (14, 17) . Such use seems to have been included in the unexposed group in the statistical analysis of an association between mobile phone use and brain tumours. We found increased OR for glioma and acoustic neuroma associated with use of both mobile and cordless phones, whereas overall OR was not significantly increased for meningioma (1, 2) . It has been shown that the GSM phones have a median power in the same order of magnitude as cordless phones (32) . Moreover, cordless phones are usually used for longer calls than mobile phones (1,2). Including subjects using cordless phones in the 'unexposed' group in studies on this issue, as for example in the Interphone investigations, would thus underestimate the risk.
We report here results from ten case-control studies on glioma. No association was found with mobile phone use in the overall meta-analysis. However, using a ≥10-years latency period showed increased OR in the four studies with data on ipsilateral use of the mobile phone, significantly so in the meta-analysis. Contralateral use yielded OR close to unity. These findings are most likely of biological relevance taking into account both a reasonable latency period and tumour localisation in relation to microwave exposure and should therefore be considered in relation to carcinogenesis (33, 34) .
Since one publication on glioma (18) partly overlapped three other Interphone studies (14-16) we excluded them in one analysis. Later also results from Norway have been published but without any 10-years latency period data (20) . Using ≥10-years latency period yielded OR = 1.7, 95% CI = 0.8-3.9, ipsilateral exposure OR = 2.4, 95% CI = 0.8-7.4 and contralateral exposure OR = 1.6, 95% CI = 0.6-4.4.
Also regarding acoustic neuroma ipsilateral exposure to microwaves yielded increased OR in the three studies with such data, significantly so in the meta-analysis. Contralateral exposure did not give significantly increased OR. These findings are similar as for glioma. Since one of the Interphone publications (23) partly overlapped two other (21, 22) with 10-years latency data we excluded these two studies in one analysis. Using ≥10-years latency period yielded OR = 1.7, 95% CI = 0.6-4.7, ipsilateral exposure OR = 2.0, 95% CI = 0.8-5.3 and contralateral exposure OR = 1.4, 95% CI = 0.6-3.2.
Results on meningioma for ≥10 years latency period were presented in four studies and ipsilateral exposure in two investigations. Thus, these results were based on lower numbers than for glioma or acoustic neuroma. No significant association was found although ipsilateral exposure gave OR = 1.7 with 95% CI 0.99-3.1.
It might be discussed if the results would be changed if our studies (1,2) were excluded from the meta-analysis. Regarding glioma this yielded for ≥10-years latency period overall OR = 1.0, 95% CI = 0.8-1.2, ipsilateral exposure OR = 1.5, 95% CI = 1.1-1.9 and contralateral exposure OR = 0.9, 95% CI = 0.7-1.2. For acoustic neuroma the corresponding results gave overall OR = 0.9, 95% CI = 0.4-2.0, ipsilateral exposure OR = 2.1, 95% CI = 0.7-6.1 and contralateral exposure OR = 1.0, 95% CI = 0.6-1.6. Regarding meningioma overall OR was 1.0, 95% CI = 0.6-1.6. Only one study (14) remained for calculations of ipsilateral and contralateral exposure (Table VI) .
As shown above an association was still found between mobile phone use and ipsilateral glioma and acoustic neuroma, significantly so for glioma, even if our studies (1, 2) were excluded. Another meta-analysis that did not include our studies found a significant association between mobile phone use and all brain tumours using ≥10 years latency period with OR = 1.25, 95% CI = 1.01-1.54 (35) . One more meta-analysis was performed on mobile phone use yielding for contralateral brain tumours OR = 1.0, 95% CI = 0.8-1.4 and for ipsilateral brain tumours OR = 1.3, 95% CI = 0.99-1.9. No analysis was performed for ≥10 year latency time (36) .
In conclusion this meta-analysis gave a consistent pattern of an association between mobile phone use and ipsilateral glioma and acoustic neuroma using ≥10-years latency period. No association was found for contralateral tumours. These results are most likely of biological relevance and further strengthen the hypothesis of a carcinogenic effect from microwave emissions from mobile phones.
